Increased dicarbonyl metabolism in endothelial cells in hyperglycemia induces anoikis and impairs angiogenesis by RGD and GFOGER motif modification.
Chronic vascular disease in diabetes is associated with disruption of extracellular matrix (ECM) interactions with adherent endothelial cells, compromising cell survival and impairing vasculature structure. Loss of functional contact with integrins activates anoikis and impairs angiogenesis. The metabolic dysfunction underlying this vascular damage and disruption is unclear. Here, we show that increased modification of vascular basement membrane type IV collagen by methylglyoxal, a dicarbonyl glycating agent with increased formation in hyperglycemia, formed arginine-derived hydroimidazolone residues at hotspot modification sites in RGD and GFOGER integrin-binding sites of collagen, causing endothelial cell detachment, anoikis, and inhibition of angiogenesis. Endothelial cells incubated in model hyperglycemia in vitro and experimental diabetes in vivo produced the same modifications of vascular collagen, inducing similar responses. Pharmacological scavenging of methylglyoxal prevented anoikis and maintained angiogenesis, and inhibition of methylglyoxal metabolism with a cell permeable glyoxalase I inhibitor provoked these responses in normoglycemia. Thus, increased formation of methylglyoxal and ECM glycation in hyperglycemia impairs endothelial cell survival and angiogenesis and likely contributes to similar vascular dysfunction in diabetes.